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METHOD FOR OBJECT BASED COLOR MATCHING WHEN PRINTING A 

COLOR DOCUMENT 



The present invention relates to printing color documents, and more 
5 particularly to performing color matching when printing color documents- 
Still more particularly, the present invention relates to a method for object 
based color matching when printing color documents. 

As color input, display and output devices for computer systems 
proliferate, the need for color management increases. This is due to several 

10 factors. First, differing device types operate in different color spaces. For 

example, color monitors typically display colors as combinations of red, green, 
and blue, and are said to work in the RGB color space. Printers typically print 
images as combinations of cyan, magenta, yellow and black, and are said to 
work the CMYK color space. 

15 The way colors are sampled in different devices is another factor. 

Generally, the method used by monitors and scanners to capture color follows 
the laws of additive color mixture. Additive color mixture adds the color 
together to yield the result. Additive color mixture moves a color toward 
white, and usually results in vivid images. Printers, however, typically follow 

20 the laws of subtractive color mixture. In subtractive color mixture, color data 
specifies how much of a certain color to remove from white to yield the result. 
Consequently, a subtractive color mixture moves colors toward black or dark 

gray- 
Furthermore, different color devices have different color capabilities. 

25 Every color device, such as a scanner, printer, or monitor, has a range of colors 
that it can produce. This range of produceable colors is known as a gamut. 
Those skilled in the art will recognize that color monitors can produce and 
display hundreds to thousands of colors. Color printers also produce a range of 
colors, but in most situations, the gamut for a color monitor is larger than the 

30 gamut for a color printer. As a result, some colors displayed on a color 
monitor can not be produced by a color printer. 

Finally, devices of the same type that are manufactured by different 
manufacturers may produce different colors, or intensities of the same colors, 
for the same color data. For example, color monitors made by different 

35 manufacturers may display different colors, or intensities of the same colors, 
for the same RGB values. Print technologies vary drastically, and the gamut 
that an ink jet color printer can print may be quite different from a printer 
based on a different technology, such as a color laser printer. Additionally, the 



WO 96/10239 PCT/US95/13013 



gamut for a single printer can fluctuate depending on the paper or ink being 
used at the time of printing. 

— — GoIor-matchmg-typicaH 

gamuts* Most current color management systems match colors pursuant to a 
5 rendering intent. A rendering intent affects the way colors are matched by 
causing the colors to be matched with a particular use in mind. For example, a 
document that will be used for business purposes is generally printed with 
saturated colors. The user is not concerned with matching the printed colors as 
close as possible to the original colors. Saturated colors when printed are 

10 typically vivid colors. This type of rendering intent is known as 
business / graphics. 

Another type of rendering intent is photographic. A document that is, 
or includes, a photograph may be printed with colors that are matched 
perceptually. Photographic rendering intent attempts to give the best overall 

15 match of colors. 

Objects are anything that can be drawn, and include text, rectangle, oval/ 
region, polygon, and PixMaps. Unless each object is individually tagged with a 
rendering intent, most current color management systems typically match 
colors in a document using only one rendering intent. They do not allow a 

20 user to print individual pages within a document with different rendering 
intents. They also do not allow colors to be matched on a single page with 
different rendering intents. This can create problems for documents or pages 
that contain photographs and text or charts. The user can print the document 
with a business /graphics rendering intent, but the photographs within the 

25 document will typically look dark, and the colors within the printed 

photographs will not match the original colors very closely. Alternatively, the 
user can print the document with a photographic rendering intent, but the text 
and charts within the document will typically print with less saturated colors. 
These two alternatives are inadequate and unsatisfactory for many users, such 

30 as graphic artists or business persons. 

To address the foregoing limitations associated with prior art systems, 
the present invention provides a method in accordance with independent 
claim 1. Further advantageous features, aspects and details of the inventions 
are evident from the dependent claims, the description and the drawings. The 

35 claims are to be understood as a first non-limiting approach of defining the 
invention in general terms. 
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In accordance with one aspect of the invention, color matching is 
performed on each object in a page prior to rendering the object into a pixel 
map. This is accomplished by setting up multiple concurrent color matching 
sessions that have different rendering intents. Depending upon the object 
5 type, a color matching session is performed on each object using a particular 
rendering intent. 

Figure 1 is a pictorial illustration of a computer system which may be 
used to implement a method of color matching based upon objects according to 
the present invention; 
10 Figure 2 depicts a data structure of type "CGrafPort", a preferred format 

of a page or document according to the present invention; 

Figure 3a is a pictorial representation of a profile that is ColorSync™ 
compatible; 

Figure 3b illustrates a data structure for a header within a profile; 
15 Figure 4 is a flowchart depicting a method of object based color 

matching when printing color documents according to the present invention; 
and 

Figure 5 is a flowchart further illustrating the method of block 64 in 
Figure 4 for object based color matching when printing color documents 
,20 according to the present invention. 

With reference now to the figures and in particular with reference to 
Figure 1, a computer system is illustrated which may be used to implement the 
method for object based color matching according to the present invention. 
Computer system 10 includes a computer 12, keyboard 14, a color monitor 16 

25 having a display screen 18, a cursor control device 20, shown here as a mouse, 
and a printer 22. Computer system 10 may be implemented using any suitable 
computer, such as a Macintosh Quadra™ computer, a product of Apple 
Computer, Incorporated, located in Cupertino, California. Printer 22 is a color 
printer, such as a Color StyleWriter Pro™ printer, also a product of Apple 

30 Computer, Incorporated. 

In computer system 10 the term "image" is used to refer to a viewable 
image, i.e., an image as it is displayed on a display or printed on a page. The 
minimum information required to produce the image is typically stored in a 
pixel map. That is, all information concerning a particular pixel (intensity, 

35 color, etc.) is stored in a memory to "map" the information to that particular 
pixel. Other information available in computer 12 is information concerning 
the "objects" of a document or page that are used to ultimately create the 
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image. In the preferred embodiment, objects are anything that can be drawn, 
and include text, rectangle, oval, region, polygon, and PixMaps. PixMaps 

contain-pixel-datarand-oneexam ~ 

The preferred format of a page or document for the present invention is 
5 a "CGrafPort", as shown in Figure 2. The CGrafPort 24 is a drawing 

environment that contains the information needed in order to transmit 
drawing operations from bits in memory to pixels on screen display 18. 
CGrafPort 24 contains a pointer 26 to the port's pixel map along with other 
information 28 regarding the color image. For example, CGrafPort 24 includes 

10 information about the visible region, any clipped region, the font, and 
background color. 

The same routines that are used by an application to display an image 
are used to print an image in the preferred embodiment. An image is printed 
by drawing the image into a printing graphics port using Color QuickDraw™ 

15 low-level drawing routines. The "GrafProcs" field 30 of CGrafPort 24 
comprises the low-level routines that are used to draw the image. 

A printing graphics port is a data structure of type "TPrPort" , and is a 
printing environment which contains CGrafPort 24 plus additional 
information used by the printer driver and system software. Examples of such 

20 additional information include the size of the paper and GrafProcs 30. For 
more information on CGrafPort 24 and GrafProcs 30, see INSIDE 
MACINTOSH: Imaging with QuickDraw (1994) by Apple Computer, 
Incorporated. 

Referring again to Figure 1, a printer driver renders images in computer 
25 12 using drawing commands, and then sends the rendered images to printer 22 
in the form of pixel maps. A printer driver captures the images of an entire 
page in a temporary disk file, called a spool file, or in memory in the preferred 
embodiment. This is accomplished by using low-level drawing routines to 
draw the images into a printing graphics port. As each page of a document is 
30 drawn into the printing graphics port, the printer driver translates the 
commands into the equivalent instructions for the printer, essentially 
translating the pixel maps into dot-placement instructions. These instructions 
are then sent to the printer, and the printer prints the images onto the page. 

One advantage of having the printer driver control printing is that it 
35 introduces greater flexibility into the printing process. The printer driver can 
examine entire pages for their use of color, fonts, or other objects that need 
special processing prior to printing. Thus, the method for object based color 
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matching preferably occurs before the printer driver renders the page into a 

pixel map. Alternatively, the method of the present invention can oc cur any 

time before an object is rendered into a pixel map. 

The color management system used in the preferred embodiment is 
5 ColorSync™, a product of Apple Computer, Inc. The ColorSync™ Utilities are 
a set of routines and data structures that enable computer system 10 to match 
colors and communicate color information between various devices. The 
ColorSync™ Utilities provide applications or device drivers with several tools 
for matching colors between devices. The tools include a default system profile 

10 that describes the gamut of the Apple RGB 13 inch monitor, a means of 
specifying and obtaining profiles for other devices, a means of associating 
profiles with images or documents, an Apple-supplied default color matching 
method (CMM), a folder for storing profiles, and an open architecture that 
allows developers to create or obtain a custom CMM and associate it with a 

15 profile. 

Color information is transmitted between devices in computer system 
10 via the profiles. A profile is a data structure that describes the basic color 
characteristics of a device. Color information described in a profile includes 
data relating to a preferred CMM, rendering intent, and the device's color 

20 space, gamut, tonal reproduction curves. Profiles can reside in files, device 
drivers, applications, images, and documents. 

In the preferred embodiment, the profile is ColorSync™ compatible. 
Figure 3a is a pictorial representation of a profile that is ColorSync™ 
compatible. A profile 32 contains at least three sections, a header 34, a tag table 

25 36, and tagged element data 38. Header 34 defines a set of parameters at the 
beginning of profile 32. Figure 3b illustrates the data structure for header 34 
within profile 32. The preferred contents and size for header 34 are shown in 
Figure 3b. 

As can be seen, header 34 includes information on a preferred CMM, a 
30 color space, and a device, such as its manufacturer and model. Preferably 

located at bytes 64-67 is "renderinglntent". This field is used to list a particular 
type of rendering intent for color matching. As is described later with reference 
to Figures 4 and 5, color matching is preferably performed on an object using 
the rendering intent specified in a profile. 
35 A CMM implements an algorithm that determines how to match colors. 

A rendering intent affects the way colors are matched by causing the colors to 
be matched with a particular use in mind. For example, one type of rendering 
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intent is business/graphics. Matching colors with this type of rendering intent 
means a document is generally printed with saturated colors. Another type of 

— rendering-intent-is-photographicT— Matching-color~with-a-photographic - 

rendering intent means the colors are matched as close as possible to the 
5 original colors while preserving the overall tone of the image. Although the 
preferred embodiment uses only business/ graphics and photographic 
rendering intents, there are other rendering intents which are known in the 
art and which may be incorporated into the present invention by those skilled 
in the art. 

10 Figure 4 is a flowchart depicting a method of object based color matching 

when printing color documents according to the present invention. The 
method begins at block 42, with a document or page to be printed. Next, a 
decision is made as to whether or not color matching is enabled. This step is 
depicted in block 44. If color matching is not enabled, the method ends, as 

15 shown in block 46, and the document or page is printed without object based 
color matching. 

If color matching is enabled, the method continues at block 48, with a 
determination as to the type of rendering intent the user has selected. In the 
preferred embodiment, the user can select between business/graphics, 
20 photographic or automatic rendering intents. For object based color matching, 
the user needs to select the automatic rendering intent. Selection is 
accomplished preferably by a user interface implemented by an application or 
printer driver. 

A decision is then made as to whether or not the user has selected 
25 business/graphics as the rendering intent. This step is shown in block 50. If 

the user has selected business/ graphics, block 52 illustrates the step of obtaining 
the profile for that type of matching. Next, one color matching session is 
initiated, as shown in block 54. Hie color matching session utilizes the profile 
obtain in the previous step, block 52. In this situation, all color matching for a 
30 page or document uses a business /graphics rendering intent. The method 
then ends at block 46. 

If the user has not selected business graphics, a decision is then made as 
to whether or not the user selected photographic, as shown in block 56. If the 
user has selected photographic, the profile for that type of color matching is 
35 obtained. This step is depicted in block 58. Next, one color matching session is 
initiated, as shown in block 60, using the profile obtained in the previous step. 
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All color matching for a page or document uses a photographic rendering 
intent. The method then ends at block 46. 

If a user has not selected a business/graphics or photographic rendering 
intent, this leaves only automatic as the selected rendering intent in the 
5 preferred embodiment. In this case, the user desires to use object based color 
matching when printing a color document. Block 62 illustrates the next step, 
in which preferably two profiles are obtained. One of the profiles has a 
rendering intent for business/graphics, the other profile has a photographic 
rendering intent. 

10 Using these two profiles, two concurrent color matching sessions are set 

up. The two color matching sessions are initiated in the preferred 
embodiment by making two ColorSync™ API commands, 
"CWNewColorWorldO" and M SetProfile()". This step is shown in block 64. 
These two matching sessions are used until all of the pages or documents are 

15 printed. The method then ends at block 46. 

Referring to Figure 5, a flowchart further illustrates the method of block 
64 in Figure 4 for object based color matching when printing color documents 
according to the present invention. The method begins at block 66, and 
thereafter passes to block 68. Block 68 depicts a decision as to whether or not all 

20 of the pages have been printed. If all of the pages have been printed, the 

method ends at block 70. If all of the pages have not been printed, a decision is 
then made as to whether or not all of the objects within a single page have 
been captured. This step is shown in block 72. If all of the objects on a page 
have been captured, the page is rendered, as shown in block 74. Next, the page 

25 is printed, as illustrated in block 76. The process then moves on to the next 
page, as shown in block 78, and returns to block 70. 

Referring again to block 72, if all objects are not captured for a page, an 
object is received by the printer driver and the object type for the object is 
determined, as illustrated in block 80. In the preferred embodiment, an object 

30 type is determined by which GrafProc (see 30 Figure 2) is used to draw the 
object. 

Next, a decision is made as to whether or not the object has a profile 
associated with it. This step is shown in block 82. If the object does have a 
profile associated with it, color matching is performed for the object pursuant 
35 to the profile's rendering intent, as depicted in block 84. The process then 
returns to block 72. 
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If a profile is not associated with an object, block 86 illustrates a decision 
as to whether or not the object is a PixMap. If the object is not a PixMap, color 

- — - — matdiing~is-performed-on-that object using a-business/grapMcisnrendCTii^ ~~ 

intent. This step is shown in block 88. If the object is a PixMap, color matching 
5 is performed on the object using a photographic rendering intent, as shown in 
block 90. The method then returns to block 72. 

By performing color matching on an object instead of a page or 
document, pages or documents that contain text, photographs and charts can be 
printed with optimum color matching. Furthermore, a user can select from a 

10 collection of rendering intents when printing a page or document, providing 
the user with increased flexibility. Finally, the method of object based color 
matching does not impact the operation of a color management system, such 
as ColorSync™, but instead compliments it. For example, the process of 
embedding profiles into an image, page or document is still available to a user, 

15 along with the ability to perform object based color matching. 

While the invention has been particularly shown and described with 
reference to a preferred embodiment, it will be understood by those skilled in 
the art that various changes in form and detail may be made therein without 
departing from the spirit and scope of the invention. Those skilled in the art 

20 will appreciate that certain steps described above can occur at different stages 

than described, or be added into the present invention. For example, instead of 
capturing all objects on a page and then rendering the entire page, each object 
can be rendered individually after color matching has occurred. Alternatively, 
a user may want to have the capability of performing object based color 

25 matching with other rendering intents in addition to business/ graphics and 
photographic. 
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1. A method for performing color matching on at least one object, comprising 
the steps of: 

5 initiating at least one color matching session, wherein each color 

matching session has a rendering intent that differs from the rendering intent 
of any other color matching session; 

determining an object type for each object; and 

based upon the object type, performing a color matching session on each 
10 object using a particular rendering intent. 

2. The method of Claim 1, wherein the step of determining an object type for 
each object comprises the step of determining a drawing routine used to render 
each object. 

15 

3- The method of Claim 1 or 2, wherein the step of performing a color 
matching session on each object occurs before each object is rendered. 

4. The method of one of Claims 1 to 3, wherein the step of performing a color 
20 matching session on each object using a particular rendering intent comprises 

the step; of using ColorSync™ to perform a color matching session on each 
object using a particular rendering intent. 

5. The method of one of Claims 1 to 4, wherein the step of initiating at least 
25 one color matching session comprises the step of initiating a first color 

matching session and a second color matching session, wherein the first color 
matching session has a business /graphics rendering intent and the second 
color matching session has a photographic rendering intent. 

30 6. A system for performing color matching on at least one object, comprising: 
means for initiating at least one color matching session, wherein each 
color matching session has a rendering intent that differs from the rendering 
intent of any other color matching session; 

means for determining an object type for each object; and 
35 based upon the object type, means for performing a color matching 

session on each object using a particular rendering intent. 
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7. The system of Claim 6, wherein the means for determining an object type 
for each object comprises means for determining a drawing routine used to 
fender eadrobjeet: ~ ~~~ ~~ 

5 8. The system of Claim 6 or 7, wherein the means for performing a color 

matching session on each object using a particular rendering intent comprises 
means for initiating a ColorSync™ color matching session on each object using 
a particular rendering intent. 

10 9. The system of one of Claims 6 to 8, wherein the means for initiating at ieast 
one color matching session comprises means for initiating a first color 
matching session and a second color matching session, wherein the first color 
matching session has a business/graphics rendering intent and the second 
color matching session has a photographic rendering intent. 

15 

10. A system for performing color matching on at least one object, comprising: 

at least two rendering intents available for use in color matching; and 
means for performing a color matching session on each object using a 
particular rendering intent, wherein the particular rendering intent is 
20 determined by an object type associated with each object. 

11. The system of Claim 10, wherein the at least two rendering intents 
available for use in color matching comprise a business /graphics rendering 
intent and a photographic rendering intent. 

25 

12. The system of Claims 10 or 11, wherein the object type associated with each 
object comprises a drawing routine used to render the object. 

13. The system of one of Claims 10 to 12, wherein the means for performing a 
30 color matching session on each object using a particular rendering intent 

comprises means for initiating a ColorSync™ color matching session on each 
object using a particular rendering intent. 
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Fig. 3a 
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struct CM2 Header { bytes 

unsigned long size; 0-3 

OSType CMMType; 4-7 

Num Version profileVersion; 8-11 

OSType profileClass; 12-15 

OSType dataColorSpace; 16-19 

OSType ihterchangeColorSpace 20-23 

CMDateTime dateTime; 24-35 

OSType CS2profileSignature; 36-39 

OSType platform; 40-43 

unsigned long flags; 44-47 

OSType deviceManufacturer; 48-51 

unsigned long deviceModel; 52-55 

unsigned long deviceAttributes[2]; 56-63 

unsigned long renderinglntent; 64-67 

FixedXYZGolor white; 68-79 

char reserved[36j;/*for future 80-127 

use*/}; 
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